INTRODUCTION
Protein-rich feeds normally provide adequate sulfur to meet the requirements of ruminants. Replacement of these feeds with nonprotein nitrogen has increased the possibility of a sulfur deficiency. Supplementation of sulfur deficient rations with methionine, sodium sulfate and elemental sulfur has been shown to have beneficial effects. The value of other sulfur-containing compounds as sources of supplemental sulfur has not been well established. A 60-day growth trial was conducted with lambs to determine the influence of sulfur source on growth, dry matter intake, wool production and apparent digestibility and retention of sulfur and nitrogen.
EXPERIMENTAL PROCEDURE
Thirty-six crossbred lambs with an average initial weight of 32.8 kg were randomly allotted to one of six sources of dietary sulfur (DLmethionine, hydroxy analog of methionine, calcium sulfate, sodium sulfate, elemental sulfur or no added sulfur). Each lamb was injected intramuscularly with 500,000 IU of vitamin A, 75,000 IU of vitamin D and 50 IU of vitamin E. The lambs were placed in conventional metabolism stalls and were fed 100 g of a mineral supplement plus ad libitum amounts of basal diet. Water was offered once daily for 1 hour. The composition of the basal diet is presented in table 1.
The mineral supplement was formulated with reagent grade mineral salts and provided adequate amounts of all minerals except sulfur. Starch was used as a carrier in the mineral supplement. The composition of the mineral supplement is shown in table 2.
After a 20-day pretrial period, during which the lambs were fed the basal ration and mineral supplement with no added sulfur, a 60-day experimental period was initiated. The experimental period was divided into three 20-day periods. On day zero of the experimental period an area of skin on the upper right side of the rump was shorn and marked for wool growth measurements, the lambs were weighed and were fed their respective treatment diets. Amounts of sulfur supplied per lamb daily by 100 g of the mineral supplement are shown in table 3.
Aliquots of urine and feces were collected and composited to form three 20-day samples for each lamb. The Iambs were weighed every 20 days and wool samples were collected after 60 days. Control lambs were removed from treatment after 40 days because of very poor growth.
The basal ration, mineral supplement, feces and urine were analyzed for nitrogen by the macro-Kjeldahl procedure (A.O.A.C. 1970) . Total sulfur in the various samples was determined using a modification of the A.O.A.C. (1970) method. The modification consisted of adding .5 g of barium chloride to the dissolved ash and shaking the samples for 5 minutes. After standing for 2 min, turbidity was measured at 500 millimicrons. Standard curves were prepared for each sulfur source and respective k values (mg of S/unit optical density) were used to quantitate amounts of sulfur in the various mineral supplements. A k value which was the average of the k values for DL-methionine and sodium sulfate was used to calculate sulfur contents of feed, feces and urine.
Statistical analyses were conducted for each period using analyses of variance and Duncan's new multiple-range test (Steel and Torrie, 1960) . aLambs removed from treatment during the pretrial period due to injury or failure to consume feed.
RESULTS AND DISCUSSION
Lambs fed each of the sulfur sources gained fasted (P<.01) and consumed more (P<.01) dry matter than control lambs (table 4) . For the entire 60-day period, there were no significant differences among weight gains or dry matter consumptions of lambs fed the various sulfur sources. Chalupa et al. (1973) reported similar observations with cattle. Mowat and Deelstra (1970) reported that weight gains of lambs increased by 12% when .4% methionine was added to a corn and alfalfa ration that was supplemented with urea. From 0 to 40 days the Iambs fed the diet with no added sulfur had weight losses that averaged 149 g per day. Most of this weight loss occurred during the 20 to 40-day period. Due to the severe weight losses, the control lambs were removed from the trial at 40 days. Dry matter consumptions by the control lambs were less than half as much as those of lambs which were supplemented with sulfur.
For the 60-day period, amounts of feed consumed per kilogram of gain ranged from 6.07 to 7.04 for lambs fed the various sulfur sources (table 4). The lowest value was for lambs fed calcium sulfate and the highest feed to gain ratio was for Iambs fed elemental sulfur. Garrigus et al. (1953) found that the addition of elemental sulfur to a ration low in sulfur increased feed utilization by lambs. Dry matter digestibility values ranged from 76.1 to 80.9% (1965) and Bull and Vandersall (1973) .
Sulfur digestibility and retention data are presented in table 6. With the exception of lambs fed elemental sulfur, lambs fed supplemental sulfur digested higher (P<.01)percentages of their dietary sulfur than those fed no added sulfur during the 0 to 20-, 20 to 40-and 0 to 40-day periods. During the 0 to 20-day period, lambs fed hydroxy analog of methionine or calcium sulfate digested more (P<.01) sulfur than Iambs fed elemental sulfur. Lambs fed DL-methionine, hydroxy analog of methionine, calcium sulfate or sodium sulfate digested more (P<.01) sulfur than the lambs fed elemental sulfur during the 20 to 40-, 0 to 40-and 0 to 60-day periods. This was also true during the 40 to 60-day period, except that sulfur digestibilities by lambs fed DL-methionine did not differ significantly from those for lambs fed elemental sulfur. Fifty-seven percent of the dietary sulfur from elemental sulfur was lost via the feces, whereas the fecal loss of sulfur from the other sulfur sources ranged from 32.9 to 40.!%. Similar observations were made by Johnson et al. (1970) . They found that 63.4% of the sulfur in elemental sulfur was lost in the feces, but fecal losses of only 21.8 and 20.4% occurred when sodium sulfate or methionine were fed. Bull and Vandersall (1973) also reported similar fecal losses for sodium sulfate and DL-methionine.
During the 0 to 20-day period Iambs fed hydroxy analog of methionine (P<.01), calcium sulfate (P<.01) or DL-methionine (P<.05) retained a higher percentage of their sulfur intakes than the control lambs. Lambs fed hydroxy analog of methionine retained more (P<.05) sulfur than lambs fed the other sulfur sources during the 40 to 60-day period. For the 0 to 60-day period sulfur retentions by Iambs fed hydroxy analog of methionine were greater (P<.05) than those by lambs fed sodium sulfate or elemental sulfur.
During the 40 to 60-, 0 to 40-and 0 to 60-day periods lambs fed elemental sulfur 9 retained higher (P<.O1) percentages of their digested sulfur than Iambs fed other sulfur sources, except that the difference between lambs fed elemental sulfur and hydroxy analog of methionine was significant at the 5% level of probability during the 40 to 60-day period. Apparent sulfur digestibilities by lambs fed elemental sulfur or sodium sulfate were 43.0 and 64.0% and apparent sulfur retention values were 37.9 and 39.0%, respectively. Johnson et al. (1971) reported true digestibility values of 36.0 and 77.8% and true retention values of 26.8 and 56.0% for Iambs fed elemental sulfur and sodium sulfate, respectively. Goodrich and Tillman (1966) reported lower retention values for elemental sulfur (24.5%) and sodium sulfate (32.7%) than the values reported here. In agreement with our data, Bouchard and Conrad (1973) observed that sulfur from calcium sulfate was absorbed as well as sulfur from sodium sulfate. Kahlon et al. (1975) measured sulfur availability using an in vitro system. They reported relative sulfur availabilities (L-methionine set at 100) of: L-methionine, 100; DL-methionine, 63.0; hydroxy analog of methionine, 28.8; calcium sulfate, 94.1; sodium sulfate, 55.4; ammonium sulfate, 93.0; sodium sulfide, 42.6 and elemental sulfur, 35.8 percent. Thus, the in vitro system ranked sodium sulfate well above elemental sulfur in its ability to furnish available sulfur, but the present in vivo sulfur retention data ranked both sulfur sources about equal in their ability to furnish available sulfur. In contrast, Hale and Garrigus (1953) , Albert et al. (1956) and Johnson et al. (1971) suggested that sulfate-sulfur may be utilized better than elemental sulfur.
In the in vitro studies reported by Kahlon et al. (1975) sulfur from hydroxy analog of methionine was only 28.8% as available as that from L-methionine. However, in the present in vivo study, lambs fed hydroxy analog of methionine had higher sulfur retentions than those fed any of the other sulfur sources. Thus, the results of these two studies support the premise that rumen microorganisms do not degrade hydroxy analog of methionine readily (Belasco, 1972) , but it is utilized by mammalian tissues. In contrast, Polan et al. (1970) and Holter et al. (1972) have shown that dairy cows fed hydroxy analog of methionine had increased digestibilities of crude fiber. Also, the feeding of hydroxy analog of methionine has resulted in higher protozoa populations in sheep (Patton et al., 1970) .
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